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(57) Abstract 



An inicgralcd circuit (IC) (20) is formed on a semiconductor substrate (21). The IC has a PN junction (28) and a graded junction 
tcmiinauon (27). A reverse field plate (31) is mounted adjacent the junction tcranLination. One end of the field plate is mounted on and 
electrically connected to the substrate; the remainder of the field plate extends over a passivating oxide layer (30) which covers the substrate 
surface (29) adjacent the junction temiination. The field plate provides a common potendal surface which maintains a fixed potential on 
the substrate surface at the junction temunaiion. 
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A REVERSE FIELD PLATE, 
JUNCTION-TERMINATING STRUCTURE 
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BACKGROUND OF THE INVENTION 

1 • Field of the Invention 



The invention relates to the field of solid 
state electronics and, particularly, to a method of 
10 fabricating a semiconductor device and a device so 
formed, i 

. 2. Description of the Existing Art 

15 Typical semiconductor device manufacturing 

processes produce junctions between differently doped 
portions of a semiconductor substrate. Various 
arrangements of these differently doped portions form 
specific types of semiconductor devices such as diodes, 
20 transistors, and the like. FIG. 1 shows a cross-section 
of a portion of semiconductor device 10 having PN 
junction 11 which is formed when a layer of P* doped 
material is deposited into substrate 12 of N" doped 
material. Specifically, junction 11 is formed between N" 
substrate 12 and P* layer 13. 



Typically, during use of device 10 junction 11 
alternatingly becomes forward and reversed biased as a 
result of ja biasing voltage ± V. When junction 11 is 
reverse biased, the biasing voltage generates a 
relatively large electric field across the junction. 
Furthermore, the reverse bias forms a relatively wide 
transitior^ region 14 within which the electric field is 
generated.! However, transition region 14 does not have 
35 uniform width along the length of junction 11. For 

example, in those semiconductor devices where a diffused 
layer ends abruptly at a planar surface, the transition 
region is significantly narrower near the planar surface 
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Of the semiconductor substrate than within the substrate. 
Such narrowing of the transition region is caused by a 
natural accvimulation of positive charges! on oxide 
layer 17 (assviming for the moment that plate 18 and oxide 
layer 19 are not part of device 10) . This case is 
depicted in FIG. 1 by dashed lines A and'B. 
Specifically, if layer 13 ends abruptly so that 
junction 11 follows idashed line A, the boundary of 
transition region 14 would follow dashed i line B. Since 
the electric field is bounded by transition region 14, 
the electric field across junction 11 is much greater 
near the semiconductor surface than is the electric field 
across junction 11 within semiconductor 12. In some 
device applications, the reverse bias voltage and its 
corresponding electric field can become large enough to 
cause junction breakdown near the surface of the 
semiconductor substrate while that same magnitude voltage 
has no effect upon the junction within the semiconductor 
substrate. ; < 



10 



15 



20 



To avoid junction breakdown, the transition 
region near the surface of the substrate is typically 
graded to widen the transition region at the planar 
surface. Graded junctions are implemented by diffusing a 

25 relatively lightly doped material (doped lighter than the 
P* material) at the junction and near the semiconductor 
surface. For the FIG. 1 example, junction 11 is formed 
between N' substrate 12 and P* layer 13, p[ layer 15 and P" 
"layer 16. As such, the boundary of transition region 14 

30 follows dashed line C. In this manner, transition 

region 14 is widened to lessen the electric field across 
junction 11 near the substrate surface. Such graded 
junctions are known in the -art as graded tiermination 
structures. Typically, to complete the device, the 

35 termination structure as well as the semiconductor device 
surface is coated with insulating or passi!vating 
layer 17. ' ' 
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: This termination technique reduces premature 
junction breakdown by gradually reducing the voltage at 
the surface over a wide transition region, thereby 
avoiding abrupt potential changes at the substrate 
5 surface. Essentially, a graded junction termination is 
designed so that the electric field at the surface is 
distributed over a wide transition region. However, a 
graded termination can be susceptible to surface charges 
both in and on the passivating or insulating material 

10 forming the passivating layer. Such surface charges, 
which can be the result of dust, water vapor, surface 
impurities, and the like that fall upon the substrate 
during processing, can alter and distort the desired 
electric-field distribution at the substrate surface. 

15 The electric field distortion can cause abrupt potential 
changes at the substrate surface, thus limiting the 
effect of the graded junction termination. Such abrupt 
potential, changes cause currents, possibly in destructive 
amounts, ;to flow through the termination structure. 

20 Consequently, surface charges near a graded termination 

i 

can significantly contribute to premature junction 
breakdown. 

! To render graded junction terminations less 
25 susceptible to surface charges, so-called field plates 
are mounted over the passivating layer and adjacent the 
termination structure. FIG. 1 shows conventional field 
plate 18, which is a conductive member having one end 
shorted to layer 13 and its other end extending over 
30 passivating layer 17 above the graded termination 
structure formed by P"" layer 13, P* layer 15 and P" 

layer 16. In this manner, field plate 18 has the same 
potential as P* layer 13. Hence, conductive field 
plate 18 provides a uniform potential which is 
35 superimposed over the graded junction termination. The 
presence of this, uniform potential "stabilizes" the 
junction termination by fixing the potential at the 
substrate :surf ace. Surface charges that accumulate on- 
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passivating layer 19, which is formed above field 
plate 18, cannot penetrate the field plate. As a result, 
field plate 18 renders the junction termination less 
susceptible to premature breakdown due to surface charge. 

5 

Although the use of field plates has generally 
served the purpose, it has not always been an acceptable 
solution to surface ^charge induced junction breakdown for 
at least two reasons. First, access to the diffused 
10 layer (e.g., P* layer 13) for mounting a |field plate may 
not always be practical or possible due to circuit layout 
or device complexity. Second, because tile field plates 
are individually shorted to surfaces (diffused layers) 
that carry relatively high voltages whicli vary with 
15 respect to one another, the field plates jmust be properly 
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spaced from one another to obtain sufficient electrical 
isolation between adjacent plates. This requirement ca 
be a significant drawback when a large number of field 
plates is to be mounted on a common subsJrate in close 
proximity to one another. 



SUMMARY OF THE INVENTION 

To remedy the deficiencies in the art, the 
present invention teaches the use of a unique reverse 
field plate, junction- terminating structure and a method 
of fabricating such a field plate. The invention 
reverses the orientation of a field plate: (hereinafter 
referred to as a "reverse" field plate) with respect to 
the termination structure as compared to that employed in 
the aforementioned existing art. 



Specifically, the* reverse field plate is 
connected (shorted) to the semiconductor substrate rather 
35 than a diffused layer as in the existing art. As such, 
the reverse field plate does not occupy surface area 
above the diffused layer. Consequently, the surface area 
above the diffused layer may be used for placement of 
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Other, more complex semiconductor structures. Also, by 
connecting several closely spaced reverse field plates to 
the substrate, the reverse field plates are all 
maintained at a substantially common potential level, 
5 thereby making electric isolation of the plates less 
critical than in the prior art. 

These features arising from the use of the 
invention advantageously permit a greater component 
10 density to be achieved on the semiconductor substrate, 
thereby solving one of the most critical problems 
confronting integrated circuit designers, viz. reduction 
of integrated circuit size. 

15 In one embodiment, the present invention 

comprises a semiconductor device having a semiconductor 
substratp with a layer of doped impurities (diffused 
layer) extending a predetermined depth from the surface 
into the; substrate to form a ■ semiconductor junction and a 

20 junction! termination. An insulating layer is formed on 
the surface of the substrate and covers the junction 
termination. A conductive plate has a first portion 
electrically connected to the substrate at a location 
spaced laterally from the layer of doped impurities, and 

25 a second; portion extending over the insulating layer 

adjacent! the junction termination. The potential of the 
conductive plate, essentially equivalent to the potential 
of the substrate, is superimposed on the junction 
termination to "stabilize" the surface potential. 

30 

In a second embodiment, the present invention 
includes an integrated circuit which is formed on a 
semiconductor substrate. The integrated circuit includes 
a PN junction and a graded junction termination. A 
35 reverse field plate is mounted adjacent the junction 
termination. One portion of the field plate is 
electrically connected to the substrate; another portion 
of the field plate extends over a passivating oxide layer 
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which covers the substrate surface adjacent the junction 
termination. The field plate provides la potential 
surface which maintains a fixed 'potentijal on the 
substrate surface at the junction termi|nation. 

In both embodiments, since the potential on the 
conductive field plate is essentially equivalent to the 
potential of the substrate, electrical isolation of 
multiple plates on a common substrate is accomplished 
using relatively small spacings between! plates 

I 

Additionally, the present invention is directed 
to a semiconductor fabrication method wherein a PN 
junction having a graded termination structure is 
diffused into a semiconductor substrate. A passivating 
layer is formed on a surface of the substrate adjacent 
the termination structure. A conductive field plate is 
deposited such that, a first portion of t^he conductive 
field plate is deposited on the substrat'e while a second 
portion is deposited over the passivatin'g layer. 

■ I 
BRIEF DESCRIPTION OF THE DR AWINGS ! 

I 

The teachings of the invention, can be readily 
understood by considering the following detailed ' 
description in conjunction with the accompanying drawing, 
in which: 



FIG. 1 is a cross-sectional view of a portion 
of an existing semiconductor device. 

FIG. 2 is a cross-sectional view of a portion 
of semiconductor integrated circuit 20 fabricated in 
accordance with the present invention and taken along 
lines 2-2 shown in FIG. 3/ and 
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FIG. 3 depicts a top plan view of the portion 
of semiconductor integrated circuit 20 depicted in 
FIG. 2. 

5 detailed' description of the preferred embodiment 

! 

, To best understand the invention, it is 
recommended that the reader simultaneously refer to both 
FIGs. 2 and 3 while reading the following description. 

10 

: Typically, a simple semiconductor device 
contains; a substrate of one type of semiconductor 
material and a layer diffused therein formed of another 
type of semiconductor material. Additionally, a graded 
15 junction termination is typically formed near the surface 
of the substrate, along a, junction between the substrate 
and the diffused layer. A passivating layer is formed 
over, at least, the graded junction termination. In 
general, the inventive method forms a field plate that is 
electrically connected at one end to the substrate and 
the other end of the field plate extends over the 
passivating layer. The passivating layer electrically 
insulates the field plate from the junction termination. 
Another (second) passivating layer is then formed over 
25 the field plate. In operation, the field plate isolates 
any surface charges that accumulate on the passivating 
layer from distorting the electrical characteristics of 
the junction termination. 
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■ Specifically, FIG. 2 depicts a cross-section of 
aportionj of integrated circuit 20 having semiconductor 
substrate, 21 which is lightly doped with N type 
impurities. FIG. 3 depicts a top plan view of the 
portion of integrated circuit 20 depicted in FIG. 2. 

1 As shown, P* layer 22 is formed by highly doping 
upper surface 29 of substrate 21 to form PN junction 28. 
At terminating end 40 of P* layer 22, a graded junction 
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termination 27 is formed by grading and decreasing the 
P type impurities to form two graded regions, e.g., P" 
region 23 and p- region 24. Specifically, P" region 23 
is formed by moderately doping a relatively small region 
of surface 29 adjacent end 40 of layer 22 with P type 
impurities such that the impurity concentration and layer 
thickness are less than that of layer 22i. Likewise, P" 
region 24 is formed by lightly doping anLther relatively 
small region of surface 29 adjacent P" region 23 with 
P type impurities such that the impurityj concentration 
and layer thickness are less than that of p- region 23. A 
passivating oxide layer 30 is formed on a portion of 
surface 29 to at least cover junction termination 27.. 



10 



15 



20 



PN junction 28 may be used in integrated 
circuit 20 as a simple unijunction diode lor, in 
conjunction with other semiconductor components (not 
shown) , it may be part of a more complex device such as a 
silicon controlled rectifier, a bipolar transistor, a 
field effect transistor, and the like. m this regard, 
such other integrated components would be conventional 
and are located on either side of, or to the rear and 
front of the structure shown in FIG. 2. The placement of 
such other components are within the knowledge of those 
25 skilled in these arts. j 

i 

Furthermore, the doping methods; used to 
fabricate layer 22 and regions 23 and 24, | can include any 
conventional doping process including diffusion. Such 
diffusion can be performed in three steps | as follows: 
first, P type impurities are lightly diffused to a first, 
shallow depth to form layer 22 and regioni 23 and 24; 
next, region 24 is masked, -and P type imparities are' 
diffused to a deeper depth and at a higheJ concentration; 
and finally, regions 23 and 24 are masked,! and P* layer 22 
is formed by heavy diffusion of P type imp'urities to a 
greater depth. Of course, those skilled iln the art can 
use other diffusion and/or doping methods based on the 
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present ! teachings to produce layer 22 and regions 23 and 
24. Also, termination 27 can be graded continuously, as 
opposed 'to being graded in steps as described above. 

i 

5 When PN junction 28 is reverse biased, a 

relatively high potential difference can appear at 
surface [29 and across junction termination 21. 
Specifically, this potential^ difference extends across 
termination 27 from P* layer .22 to substrate 21, The 
10 graded configuration of termination 27 achieves soTcalled 
high-voltage, reverse-bias blocking by gradually reducing 
this high potential difference over relatively wide 
transition region 41. However, it is widely recognized 
that surface charges, which accumulate on passivating 
15 materials of an integrated circuit, adversely distort 
this gradual reduction of- the surface potential. In 
particular, such surface charges interfere with the 
uniformity of the electric field across the transition 
region at the surface of the substrate. As such, the 
20 surface charges can cause the potential across the 
transition region to increase at certain points and 
decrease at others. Such fluctuations in potential may 
be detrimental to device operations and could lead to 
device failure. Specifically, those points of increased 
25 potential tend to generate excessive currents through the 
junction which cause junction breakdown. To prevent such 
surface charge induced breakdown, integrated circuit 20 
includes; conductive field plate 31 which superimposes a 
uniform surface potential upon termination 27. 
30 , 

, Field plate 31 contains first portion 34 that 
is joined to surface 29 of N" substrate 21 while second 
portion 36 of the field plate is deposited upon oxide 
layer 30. Field plate 31, which is formed of a 
35 conductive material such as polysilicon, extends over 

termination 27,^ Specifically, portion 36 of field plate 
31 extends over the entire length of junction 
termination 27. Field plate 31 is passivated with 
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insulating oxide layer 33 having exterior surface 38. In 
FIG. 3, oxide layer; 33 is not depicted such that the 
underlying field plate 31 is clearly depiicted. 
Portion 34 of field plate 31 is joined to N" substrate 21 
via layer 35. In a well-known manner' the N type 
impurities of N* layer 35 can be diffused into surface 29 
via a conventional diffusion process, or! they can simply 
be created as a result of the applicatio|n of conductive 
field plate 31 to substrate 21. 



10 



The orientation of field plate 



31 is reversed 



from conventional practice inasmuch as the plate is 
mounted on and electrically connected to substrate 21 
rather than on diffused layer 22 as conventionally 

15 taught. Field plate 31 operates to maintain a fixed 
potential on surface 29 in the area of termination 27. 
Also, any electric fields that are associated with 
surface charges that may accumulate on exterior 
surface 38 of oxide layer 33 cannot peneirate field plate 

20 31. Consequently, field plate 31 is a surface potential 
stabilizing structure because the plate essentially 
shields termination 27 from the effects of surface 
charges. 

25 The inventive teachings for fabricating and 

using a reverse field plate provides the Integrated 
circuit designer with an additional field-plate mounting 
option. The invention may be used for plate mounting 
when access to a diffused layer, such as P* layer 22, is 

30 not practical, i.e., when additional layers are to be 

formed upon the diffused layer. Also, because all such 
field plates 31 on an integrated circuit '(IC) are 
essentially at a common potential, i.e., the potential of 
substrate 21, electrical isolation of plates 31 is 
35 readily achieved. As such, in those situations where a 
number of field plates 31 are to be mounted on an 
integrated circuit, the plates can be spaced more closely 
to each other when using the invention than is usually 
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po-ssible when each plate is connected to a different 
high-potential surface, e.g., a diffused layer. 
Decreasing required plate spacing has the important 
beneficial effects of decreasing device size and/or cost. 

5 

Obviously marly modifications and variations of 
the present invention are possible in the light of the 
above teachings. It is to be understood, therefore, that 
within the scope of the appended claims, the present 
10 invention can be practiced otherwise than as specifically 
described. 
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What is claimed is: 

1- A semiconductor device (20) comprising^ 
a semiconductor substrate (21) having a 
5 surface (29) ; 

a layer (22, 23, 24) of doped impurities extending a 
predetermined depth from said surface ii^to said substrate 
to form a semiconductor junction (28) arid a junction 
termination (27); j 

an insulating layer (30) formed on 'said surface and 
covering said junction termination; and ' 

a conductive plate (31) having a plate potential, 
said plate having a first portion (34) mounted on and 
electrically connected to said substrate at a location 
spaced from said layer of doped impurities and a second 
portion (36) extending over said insulating layer 
adjacent said junction termination, whereby said plate 
potential is superimposed on said junction termination. 

20 2. The semiconductor device of claim 1 wherein said 
junction termination is a graded termination. 

3. The semiconductor device of claim 2 wherein said 
graded termination includes first and second regions (23, 
24) of doped impurities, each said region having 
different impurity concentrations and different depths. 

4. A semiconductor device (20) comprising: 
an N- substrate (21) having a surface (29); 
a layer (22, 23, 24) of P type impurities extending 

a predetermined depth from said surface into said 
substrate to form a PN junction (28) and a junction 
termination (27); 

an insulating layer (30) formed on said surface and 
covering said junction termination; and 

a conductive plate (31) having a plate potential, 
said plate having a first portion (34) mounted on and 
electrically connected to said substrate at a location 
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spaced from said layer of P type impurities and a second 
portion , (36) extending over said insulating layer 
adjacent said junction termination, whereby said plate 
potential is superimposed on said junction termination* 

5, The semiconductor^'device of claim 4 wherein said 
junction termination is a graded termination, 

6. The semiconductor device of claim 5 wherein said 
graded termination includes at least two regions (24, 23) 
of P type impurities, said regions having different 
predeteirmined impurity concentrations and different 
predetermined depths from one another. 

15 7. The; semiconductor device of claim 6 wherein said 

layer of P type impurities has at least one heavily doped 
P* region (22) which forms said PN junction and at least 
one lightly doped p-region (24) which forms said junction 
termination. 

20 

8. The; semiconductor device of claim 7 wherein said 
junction! termination further includes a lightly doped P' 
region (23), and said P" region is located between said P'' 
region and said P"region. 

25 

9. The j semiconductor device of claim 8 wherein said 
predetermined depth is such that said P" region is deeper 
than said P" region and is shallower than said P* region. 

30 10. The ; semiconductor device of claim 9 wherein said 
conductive plate is polysilicon, 

t 

11. A method of fabricating a semiconductor device 
comprising : 

35 forming a PN junction having a termination structure 

on a semiconductor substrates- 
forming a passivating layer adjacent said 
termination structure; and 
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depositing a first portion of a conductive field 
plate on said substrate and depositing a second portion 
of said conductive field plate on 'said passivating layer 
in superimposed relation to said termination structure 

5 

12. The method of claim 11 wherein said termination 
structure is a graded termination structure. 

13. A method of • fabricating a semiconductor device 
10 comprising: | 

diffusing a layer of doped impuritie's into a surface 
of a semiconductor substrate to a predetermined depth and 
forming a semiconductor junction and a junction 
termination; 

forming an insulating layer on said surface to cover 
said junction termination; and 

forming a field plate having a plate ' potential 
including depositing a first portion of a conductive 
plate on said substrate at a location spaced from said 
layer of doped impurities and a second portion of said 
conductive plate on said insulating layer adjacent said 
junction termination, whereby said plate potential is 
superimposed on said junction termination. 

25 14. The method of claim 13 wherein said junction 
termination is a graded junction termination. 

i 

15. A method of fabricating a semiconductbr device 
comprising: 
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diffusing a layer of P type impurities into a 
surface of an N' substrate for a predetermined depth to 
form a PN junction and a junction termination; 

forming an insulating l-ayer on said siirface to cover 
said junction termination; and | 

forming a reverse field plate having a plate 
potential by depositing a first portion of ja conductive 
plate on said substrate at a location spaced from said 
layer of P type impurities and a second poiftion of said 
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conductive plate on said insulating layer adjacent said 
junction termination, whereby said plate potential is 
superimposed on said junction termination. 

I 

5 16, The method of claim 15 wherein said junction 
termination is a graded termination. 
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